Chloroplasts from Codium vermilara, isolated by relatively crude methods, are able to fix CO2 at rates comparable to the rates of intact plants. Sections in thalli of Codium vermilara show that the chloroplasts are surrounded by a thin layer of cytoplasm. This surrounding layer of cytoplasm, is retained also in isolated chloroplasts, and presumably preserves the intactness of the chloroplast envelope.
microscopy, the chloroplast pellets were fixed with 5% glutaraldehyde in 500 mm NaCl, 100 mm phosphate buffer, pH 7.4, for 10 min at 0 to 4 C. Two-millimeter sections, excised from the intact thallus, were fixed in the same manner for 0.5 hr. The samples were washed three times at 1 5-min intervals in 500 mM NaCl, 100 mM phosphate buffer, pH 7.4, postfixed overnight with 2% OsO in 100 mm phosphate buffer, pH 7.4, and then washed thrice with the same buffer. After dehydration by 15-min transfers through a graded ethanol series followed by propylene oxide, the samples were embedded in Epon 812, and polymerized for 2 days at 60 C. Ultrathin sections were prepared using glass knives in a LKB ultramicrotome and were collected on formvar-coated, carbon-reinforced grids. The sections were stained overnight with a saturated solution of uranyl acetate in 30% ethanol, and were poststained with lead citrate according to Venable and Coggershall (11) . Samples for freeze fracturing were fixed for 5 min with 5% glutaraldehyde in 500 mm NaCl, 100 mm potassium phosphate buffer, pH 7.4, collected by 3 min of 5OOg centrifugation, and washed thrice in the same buffer. The washed pellet was resuspended in 30% glycerol, 100 mm phosphate buffer, pH 7.4, for 30 min, cen- Figure 1 shows a section through a utricle in a thallus branch of V. vermilara. It can be seen that a cytoplasmic layer of varying thickness covers the inside of the cell wall and the chloroplasts which are suspended into the large central vacuole. Figure 2 , which is an enlargement of such a section, shows the cytoplasmic strip that connects the chloroplast to the cell wall, and a continuous cytoplasmic layer surrounding the chloroplast in a close proximity to its external membranes. These pictures are similar to those obtained by Bidwell and co-workers in Acetabularia (c.f., 12).
Isolated Chloroplasts. A chloroplast pellet obtained from Codium by hand grinding and centrifugation (9) , is seen in Figure 3 . The chloroplasts are well preserved, and retain the envelope and the cytoplasmic layer which surround them in situ. This cytoplasmic layer is more readily observed where additional cytoplasm or a mitochondrion were captured (Figs. 3, 4, and 5). A nucleus, which was sedimented with the chloroplasts, is seen to be similarly covered by a cytoplasmic layer (Fig. 5 ). An electron micrograph of freeze-fractured chloroplasts (Fig. 6) shows the cytoplasmic layer covering two chloroplasts and a cytoplasmic residue. In parallel experiments, we found that chloroplasts of the same pellet carried out CO2 fixation at a normal rate, and such chloroplasts were unable to reduce ferricyanide unless osmotically shocked.
There seems to be a close resemblance between Codium and Acetabularia chloroplast preparations (2, 10, 12) , although the cytoplasmic contamination seems to be more extensive in the case of Acetabularia (c.f., Fig. 6 in ref. 10 ). Bidwell and coworkers (10, 12) discussed the possible contribution of the cytoplasmic elements to the metabolic activities attributed to the chloroplasts, and concluded that the cytoplasm plays, at most, a small role in these activities. The cytoplasmic layer in Codium chloroplasts should not contribute to the light-dependent reactions studied so far, namely, CO2 fixation and ferricyanide reduction; but keeping the problem in mind, we tried to eliminate the extrachloroplastic material by repeated washings of the pellet in an isotonic buffer.
Washed Chloroplasts. After two consecutive washings, the chloroplasts seem to contain less extrachloroplastic material and the chloroplast envelope is partially exposed (Fig. 7) . The exposed chloroplast envelope is best seen in freeze-etch replicas of washed chloroplasts (Figs. 8 and 9 ). The two membranes of the envelope were identified by the size and distribution of the particles according to Miller and Staehelin (6) . A thylakoid which is seen to be located directly beneath these membranes supports the above identification. Although some of the chloroplasts shown in Figure 3 seem to have been partially damaged by washings, there was no appreciable reduction in the ability to fix CO2, as measured in a separate part of the same pellet. These chloroplasts also did not reduce ferricyanide unless osmotically shocked (Table I) . Repeated washings had no effect on the aging of isolated chloroplasts. The ability to fix CO5 in the light decreased about 45% after 5 hr, both in unwashed chloroplasts and in chloroplasts washed 1 to 3 times in an isotonic buffer. It seems reasonable therefore to assume that the presence of the cytoplasmic layer around the chloroplasts is crucial during the isolation, but has no marked effect on the rate of light-dependent CO, fixation or ferricyanide reduction in the isolated chloroplasts.
Osmotically Shocked Chloroplasts. Figure 10 shows, for comparison, chloroplasts that had been given a hypotonic treatment before they were fixed in the usual manner. This treatment resulted in a loss of both the cytoplasmic layer and the chloroplast envelope, and in swelling and disruption of the chloroplasts. Hypotonically treated chloroplasts did not fix CO,, as measured in a separate part of the same preparation, but they reduced ferricyanide photochemically as expected.
Freeze Cleaved Chloroplasts. Replicas of freeze-cleaved thylakoid membranes of Codium chloroplasts (Figs. 11 and 12 # . r : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
